Metastatic Merkel Cell carcinoma (MCC) is a highly unusual and aggressive skin cancer that presents as a small, pink to violet skin lesion and metastasizes early in its growth. Metastatic MCC is generally treated with small cell lung cancer chemotherapy regimens, because the tumor consists of neuroendocrine cells, but patients generally do not have durable responses. The pathogenesis of MCC has recently been attributed to the Merkel Cell polyoma virus. This virus activates the cellular retinoblastoma oncoprotein and cell cycle machinery, triggering continual cellular proliferation. A 77-year-old man developed extensive MCC metastases, involving more than one fourth of his scalp and numerous cervical lymph nodes. Following failure of initial chemotherapy and radiation, effective palliation was achieved by using a sequence of electron-beam radiotherapy, low dose gemcitabine, and etoposide, resulting in significant periods of tumor regression and prolonged survival. A novel circulating tumor cell (CTC) culture assay was performed on four separate clinic visits during the treatment period. Tumor colonies were cultured from the patient's peripheral blood and CTC colony counts were correlated with clinical treatment response. Not only did the patient respond to palliative cell cycle directed chemotherapy and electron beam radiation, but we demonstrated that CTC can be cultured from peripheral blood of MCC patients and serve as a predictive marker to monitor treatment response.
Introduction
Merkel Cell Carcinoma (MCC) is believed to originate from neuroendocrine skin cells derived from neural crest tissue [1] . When neoplastic transformation occurs, a rare but highly virulent skin cancer is resulted. The age-adjusted incidence of MCC in the United States is estimated to be 0.24 per 100,000 people per year [2] . MCC occurs most often in Caucasian men over the age of 65 [3] . Areas exposed to chronic sun exposure are the most frequent sites for MCC, especially in the head and neck region [3] . Approximately 20% of cases arise in the periorbital or eyelid area, 40% on an extremity, and 10% on the trunk [4] . Immunodeficiency and immunosuppression, including patients with chronic lymphoid malignancies, HIV, and renal transplants may also play an important role in the development of MCC [3, [5] [6] [7] .
Once MCC becomes metastatic, it is a highly aggressive skin cancer with a median survival of only 8 to 12 months. Patients are often treated with small cell lung cancer-type regimens as first line therapy [8] . Due to the rarity of this disease, there is a lack of consensus about treatment options after failure of first-line therapy [9] . Since most MCC patients are elderly, often suffering from other comorbid illnesses, many physicians are reluctant to use aggressive treatment options [8] .
We present a case of metastatic MCC in a 77-year-old man who had remarkable responses to sequential treatments of topical electron beam radiation and cell cycle directed chemotherapy, spanning forty months. During this period, four peripheral blood samples were drawn at clinic visits. Circulating tumor cells were cultured from these samples using a novel technology [10] . Tumor colonies were counted and compared to the patient's clinical disease and response to treatment. We demonstrated that CTC cultures represent a potential predictive marker in patients with MCC.
Report of Case Salvage Treatment with Sequential Electron Beam Radiotherapy and Chemotherapy
A 77-year-old Caucasian male with a history of significant coronary artery disease was diagnosed with a 0.8 cm MCC on the right side of his scalp. The tumor was initially treated with a wide local excision and skin graft on 10/15/09. Within two weeks an additional metastatic nodule appeared on the vertex of the scalp, and was excised. The patient was seen on 8/12/10 with several additional areas of "in-transit" scalp involvement, anterior to the original resection site. Due to medical frailty, he was treated conservatively with 3 cycles of non-cisplatin based chemotherapy, using cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) [11] . Dramatic improvement in the skin lesions was observed. Electron beam radiotherapy, 66 Gy, was then administered to the anterior right scalp in 33 fractions at 2 Gy per fraction over the interval from 11/16/10 to 1/7/11 to prior sites of scalp recurrence (arrow) (Figure 1(a) ). Three further cycles of CMF chemotherapy were administered following the completion of radiotherapy.
On 3/18/11 the patient recurred with a number of subcutaneous tumors on the contralateral scalp (Figure 1(b) ). Computed tomography scans of chest, abdomen, pelvis, and brain did not identify metastatic disease. Following informed consent, a novel and experimental circulating tumor cell (CTC) culture assay was performed using 10 ml of peripheral patient blood ( Table 1 ; CTC sample 001a). More than 500 CTC colonies grew in 8 replicate 60-mm petri dishes. A typical MCC colony from this CTC culture is shown (Figure 2(a) ). The patient was subsequently enrolled in a clinical trial of CD56 maytansine-linked toxin monoclonal antibody (BB-0019). Following the first dose of BB-0019 he developed unstable angina. Treatment with BB-0019 was halted and the patient was withdrawn from this trial. He was subsequently treated with four courses of carboplatin and etoposide, and achieved a transient response of his scalp lesions.
In September of 2011, our patient developed a 4 cm left eyelid mass and underwent a palliative resection. There was a simultaneous progression of disease on the left scalp, posterior scalp, and right side of the neck (Figure 1(c) ). A second CTC assay was performed, again using 10 ml of the patient's blood (Table 1; 001b). Electron beam radiation was again administered to the af- fected areas (total dose of 44 Gy in 22 fractions at 2 Gy per fraction) from 9/21/11 to 11/13/11. The tumor initially responded to radiotherapy in these areas, but some new areas of tumor progression were noted. Gemcitabine was added at attenuated doses (800 mg/m 2 every other week from 11/8/11 to 2/1/12) with additional electron beam radiotherapy to include all affected areas of the scalp (45 Gy in 25 fractions from 2/8/12 to 3/7/12 at reduced dose of 1.8 Gy per fraction due to prior treatment), including some overlap of the previously treated radiation fields. This resulted in a dramatic treatment response (Figure 1(d)) . A third CTC assay was performed during a routine clinic visit during this period ( Another CTC assay was performed ( Table 1 ; 001d). CTC colonies from this sample were dissociated and tumor cells were identified by flow cytometry as being aneuploid (Figure 2(b) ), and by staining with mAb directed against cytokeratin 20 (Figure 2(c) ) and synaptophysin (Figure 2(d) ).
Despite repeated relapses in the scalp and the presence of CTC colonies in the peripheral blood, no distant metastases were seen on CT scans of chest, abdomen, pelvis, or brain.
Subsequently the patient developed a more rapid downhill course. In part, this was a consequence of increasing toxicity from more aggressive chemotherapy regimens, including episodes of febrile neutropenia and diarrhea. He also developed shortness of breath and hypoxia representing lymphangitic tumor involvement in the lungs. The last CTC sample 001d presaged this disease progression. Unfortunately he was not seen in clinic again during this period and no further CTC samples were obtained. He had survived 40.2 months from the start of chemotherapy, well beyond the average for metastatic MCC. The patient finally died in hospice in July of 2012.
Ideally, a final blood sample should have been obtained and final CTC assay performed, but was not possible because the patient was constantly in the hospital. Our subsequent experience suggests that the number of CTC colonies near the end of his life would have been large, as the MCC had become resistant to treatment. We believe that the CTC culture assay acted as an "intermediate marker" in this patient. It corresponded closely with treatment responses, and suggested tumor progression (see increase in colony count sample MCC-001d), prior to catastrophic treatment failure.
Materials and Methods
Following signed acknowledgement of informed consent from the patient to participate in the IRB approved protocol; 10 ml of anticoagulated blood was drawn on four occasions. This study is registered in the NCI database (http://www.clinicaltrials.gov/show/NCT01528774). CTC samples were sent to TrueCells, LLC, Las Vegas, NV, for processing.
The buffy coat (white blood cell fraction, containing CTC) from 10 ml vacutainer tubes was separated by Ficoll/Hypaque centrifugation, and split into 8 replicate cultures in proprietary True Cells medium (patent pending). After 16 days in culture, tumor colonies were counted.
CTC colonies were then harvested individually using a sterile micropipette and dissociated using Accutase. Following extensive washes, cells were fixed in BD Cytofix/Cytoperm (Becton Dickinson, Franklin Lakes, NJ) and stained with propidium iodide (50 g/ml). Cells were analyzed by flow cytometry. Using forward and side scatter, samples were gated to identify a single cell population. This population was analyzed for DNA content by using a Becton Dickinson FACS Calibur (BD Biosciences, San Jose, CA) and data was subsequently analyzed using Flow-Jo software (TreeStar, Inc.). Cells were also used to prepare slides for immunohistochemical staining.
These slides were stained with anti-synaptophysin (MRQ-40) and cytokeratin 20 (SP-73) rabbit anti human mAb (Ventana Medical Systems, Tucson, AZ) using a BenchMark Ultra Staining system with the Optiview DAB hapten-detection system (Ventana).The slides were then counterstained with hematoxylin prior to evaluation.
Parallel slides were stained with a non-specific primary antibody together with the secondary detection reagent to serve as a specificity control.
Discussion
MCC is a rare, but highly aggressive skin cancer that appears to be steadily increasing in incidence in the United States. A novel polyoma virus has been identified as a likely causative agent for MCC. This is carried on the skin of most normal individuals of all races. Its DNA becomes clonally integrated into the tumor in patients who develop MCC [12, 13] . The Merkel Cell virus (MCV) encodes two major families of genes: (1) the early-tumor associated large T antigen (LT) and small T antigen (ST), and (2) the late genes (viral proteins [VP]) [12] . The LT is characteristically truncated in MCC tumors. This aberrant protein can be detected in the nuclei of tumor cells in over 90% of MCC patients. The LT truncation does not appear to affect Rb binding [14, 15] . However, the LT truncation prevents further viral replication, but activates continual abnormal tumor cell growth [12] . Like other polyoma viruses, it is believed that MCC LT/Rb interaction promotes cyclin dependent kinase activation and induces the transition of cells from G to S phase [14, 16] .
This new understanding of the pathogenesis of MCC made us hypothesize that traditional cell cycle specific chemotherapy agents, such as nucleoside analogues, would be useful as palliative therapy by interfering with LT-driven cell cycle progression. Our patient responded well to this treatment approach, using sequential low dose gemcitabine and etoposide therapy. It may be useful to specifically test these and other cell cycle specific chemotherapy agents in future MCC chemotherapy protocols. Since MCC cells are continually dividing, these tumors have long been known to be quite radiosensitive, providing another useful treatment modality [17, 18] .
Researchers believe that detection of tiny numbers (perhaps 1-100 in 10 ml blood) of CTC in the blood of cancer patients provides prognostic and predictive information related to survival [19, 20] . These CTC are thought to be in the process of creating new metastases. TrueCells has developed a rapid, efficient, and inexpensive strategy for CTC recovery in a high percentage of metastatic cancer patients. This technology allows viable CTC to be isolated, cultured, and expanded, providing suitable numbers of cancer cells for subsequent genetic or molecular analysis within 3 weeks of blood sampling. An advantage of this approach is that all tumor cells contained within the white blood cell fraction of blood are potentially able to grow. There is no need for antibodybased selection and no growth factors are added to the medium to bias selection of cells. Using this technology, we have been able to cultivate substantial numbers of CTC colonies from a wide variety of metastatic cancer patients, including breast, lung, prostate, melanoma, sarcoma, renal cancer, and pancreas. We believe that this is to be the first report of successful isolation and culture of MCC CTC as a predictive marker for treatment outcome. CTC colony counts appeared to show a steady decrease while the patient was responding, but change in this trend and the rise in colony counts in the last set of CTC cultures (001d) presaged the imminent treatment failure.
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